Abstract
Food, manure, skins, risk aversion are some of the important resources obtained from sheep for smallholder farmers. However, the contribution of the sub-sector both in smallholder farmer's and the country's economy remains below its potential due to low productivity of animals than the regional and continental average. The average reported carcass yield for Ethiopian sheep is 10 kg which is lower than the neighboring African countries sheep carcass weight such as Sudan (12 kg); Kenya (13 kg) and Djibouti (14 kg) [3] . This low productivity of animals could be reflected by many factors, but shortage of feed in terms of quality and quantity is the critical one in the country.
Nowadays, the most important livestock feed resources in Ethiopia are natural pasture, crop residues and grass hay [1, 3] . The reliability of natural pasture as a source of feed is, however, restricted to the wet season [4] and most of it is degraded because of overgrazing [5] . Moreover, the resource is continuously converted to crop land to satisfy the food demand of an alarmingly increasing human population. Consequently, the natural pasture existing in the country has been characterized as poor in botanical composition, low nutritional quality and biomass yield. On the other hand, grass hay harvested from such areas could not satisfy the nitrogen requirements of sheep. Similarly, crop residues are inherently low in quality [6] . Hence, multipurpose fodder trees were introduced in the country just four decades ago aimed to supplement these major feed resources. However, these improved forage species production and utilization in the country is very minimal, with less than one percent [1] . Therefore, the basal diets like grass hay should be supplemented with commercial protein concentrates to satisfy maintenance and production requirements for critical nutrient like protein to enhance the rumen microbes which facilitate the degradation of fibrous feeds. In reality, protein concentrates are not easily available and affordable for the poor farmers in Ethiopia. Hence, looking other alternative protein sources from multipurpose fodder trees which are available especially during the dry season is vital and highly commendable.
The fodder value of Ficus thonningii tree leaves to different livestock species has been studied and reported [7] [8] [9] . Moreover, Balehegn et al. [10] reported that Ficus thonningii is a potential replacement for commercial concentrate for goat production. The proximate, in vitro and in sacco analysis studies made by scholars [11] [12] [13] indicated Ficus thonningii leaves to be a potential protein source (11-14%) in ruminant nutrition. However, very limited information is available on the Ficus thonningii leaves for sheep production. Hence, the study was designed to evaluate the effect of graded level replacement of concentrate mixture with dried leaves of FT on nutrient intake, digestibility and performance of Washera lambs fed natural pasture hay basal feed.
Methods

Study area
The experiment was conducted at Zenzelima campus of Bahir Dar University, which is located between latitude and longitude of 11° 37′ N and 37° 28′ E coordinates and an elevation of 1912 m above sea level. The average daily minimum and maximum temperatures were 7 and 29 °C, respectively. The average annual rainfall is 1445 mm. The main rainy season is from June to September. The soils are dominantly nitosols (fertile agricultural soil).
Experimental animals management and treatments
Twenty intact male yearling Washera sheep with initial body weight of 17.06 + 1.43 (mean + SE) were purchased from Achefer and Dangila local markets. The age of the sheep was determined by dentition and information given from the owners. The animals were quarantined for 15 days at the experimental site in order to let the animals get accustomed to the specific environment and to observe their health situations. Meanwhile, the animals were vaccinated against common prevalent diseases of the area with the consultation of veterinarians from the college of agriculture and environmental sciences, Bahir Dar University. During the quarantine period, each animal was treated against internal parasites using albendazol and external parasite using ivermectin. Animals were continuously observed for incidence of any ill health and disorders during the experimental period.
The experimental animals were housed in individual pens in a ventilated shade that was built for this purpose. The pens were equipped with feeding trough for hay and plastic buckets for concentrates supplements and watering separately. The experimental sheep was identified with neck collars. Experimental animals were allowed to adapt the experimental diets for 15 days before the commencement of the actual data collection.
The design of the experiment was randomized complete block design (RCBD). Experimental animals were grouped into four blocks of five animals each based on their initial body weight, which was determined by the average of two consecutive weightings after overnight fasting. The experimental animals from each block were randomly assigned to each treatment feed. Natural pasture hay was provided as a basal diet and offered ad libitum with 20% refusal. The five experimental diets used both for feeding and digestibility trials are presented in Table 1 .
Feeds and feeding management
The grass hay used in this study was natural pasture harvested in November 2014. Ficus thonningii leaves were collected in January 2015 (dry season) from farmers' arable land and backyard from different ages of the plant. Information was not obtained about the age of the trees. The leaves collected were transported to the experimental site and dried under shed. After drying, the leaves were thoroughly mixed to minimize variation. The natural pasture hay was chopped manually to the size of 3-10 cm so as to improve intake by experimental sheep. Noug seed cake and wheat bran were purchased from oil extraction and floor meal factories in Bahir Dar town. The grass hay was offered ad libitum along with free access of water and salt licks. The concentrate supplements, i.e., noug seed cake and wheat bran were mixed in 50:50 ratio, and the FTL was offered based on the proportions indicated in Table 1 .
Chemical analysis
The dried FTL and NPH samples were ground to pass through a 1-mm sieve (Willy mill) for chemical analysis. These ground samples were stored individually in an airtight plastic bag pending chemical analysis. Dry matter, OM and CP contents of FTL, NPH and CM were determined following the procedures described by AOAC [14] . The NDF, ADF and ADL contents were analyzed following the recommendations of VanSoest et al. [15] .
Feed intake
Daily feed offered and refusals were collected from each treatment throughout the experimental period. The feeding or growth trial was lasted for 90 days. The daily feed intake of each experimental animal was calculated as the differences between feed offered and refused.
Body weight change and feed efficiency
Animals were weighted weekly in the morning after overnight fasting of the animal using Salter Scale with a sensitivity of 100 g. The average daily weight gains (ADG) were calculated on a weekly basis. It was calculated as the difference between final BW and initial BW divided by a number of feeding days. The feed efficiency of experimental animals was determined by dividing the ADG into the amount of feed consumed.
Digestibility
The digestibility trial was conducted at the end of the feeding or growth trial. In the digestion trial, each sheep was fitted with fecal collection bags for 4 days of acclimatization period with fecal collection bags prior to the actual collection of feces for 7 consecutive days. Feces voided was thoroughly mixed, weighed and recorded every morning, and 20% of the representative samples was taken and frozen at − 10 °C, and pooled over the collection period for each animal. At the end of the collection period, each sample was mixed and dried at 60 °C for 72 h at the college of Agriculture and environmental sciences laboratory. Then the samples of feces were taken to Debre birhan research center Animal Nutrition Laboratory for chemical analysis. The apparent digestibility of DM, OM, CP, NDF and ADF was determined using the following equations:
Data analysis
Feed intake, nutrients digestibility and performance of lambs' data were analyzed using the General Linear Model (GLM) procedures of SAS [16] . Means were separated using the least significant difference for variables when F values declared a significant difference. Differences were considered statistically significant at 0.05% significance level.
The analysis model was:
where Y ij = dependent variables, μ = overall mean, t i = the effect of the ith treatments, b j = effect of the jth block and e ij = random error of ith treatment in the jth block.
Apparent DM digestibility coefficient = DMI − Faecal DM output DMIApparent nutrient digestibility coefficient = Nutrient intake − Faecal nutrient output Nutrient intake where: DM = dry matter; DMI = dry matter intake 
Results
Chemical composition of the treatment feeds
The chemical composition of feed components consisting treatment diets is presented in Table 2 . Almost similar amount of dry matter (DM) is obtained in the feed components of the treatment diet. Higher crude protein (CP) content was recorded in FTL than natural pasture hay (NPH). Similarly, FTL showed lower fiber (NDF, ADF and ADL) contents than NPH. The concentrate mixture of wheat bran and noug seed cake (50:50) proportion had better nutritive value when evaluated in terms of CP and fiber contents as compared to FTL.
Feed and nutrient intake
The daily DM and nutrient intake of Washera lambs fed natural pasture hay and supplemented with different levels of ficus leaves and concentrate mixture is presented in Table 3 . There was a significant difference (P < 0.001) between T1 and T5 in terms of total DM (TDM), DM (% BW) and OM intake. In general, intake parameters increased as the level of FTL increased. On the other hand, lowest TDM, (% BW) and OM intake were observed in sole CM-supplemented group (T1) while the highest for sole FTL-supplemented group (T5). Similarly, fibers (NDF, ADF, ADL) intake also significantly (P < 0.001) varied among treatments and their intake increased as the FTL inclusion increased. However, a nonsignificant difference (P > 0.05) was observed in CP and ME intake among treatments.
Dry matter and nutrient digestibility coefficient
Apparent digestibility coefficients of DM and nutrients in Washera lambs fed NPH and supplemented with noug seed cake and wheat bran mixture and dried FTL is presented in Table 4 . A significant difference (P < 0.001) was observed between sole CM supplement (T1) and sole. FTL supplement (T5) in terms of DM, OM and fibers digestibility coefficient. However, significant difference (P > 0.05) was not observed among treatments (T1, T2, T3 and T4) in terms of digestibility coefficients. Significant difference (P < 0.001) was observed in CP digestibility coefficient among treatments in the following ranking (T1 = T2 > T3 > T4 = T5).
Body weight gains and feed efficiency
The average daily gain and feed efficiency of Washera lamb are presented in Table 5 . A significant difference (P < 0.001) was observed between sole CM-supplemented (T1) and sole FTL-supplemented (T5) groups in terms of ADG and FE. However, significant difference (P > 0.05) was not observed among treatments (T1, T2, T3 and T4) and in FTL-supplemented groups (T2-T5) in terms of ADG. Among the FTL-supplemented groups, T5 had the lowest FE value.
Discussion
Chemical composition of treatment feeds
The natural pasture hay (NPH) used in the current study had very low CP content (38.8 g/kg DM) which is below the CP requirement for ruminant animals for proper rumen function [17, 18] . CP content (38.8 g/kg DM) of NPH obtained in current study is similar with the value reported by [19] [20] [21] and lower than the values (70.2-92 g/kg DM) reported by [21] [22] [23] [24] .The obtained fiber content of NPH in this study is within the expected ranges of most tropical roughage feedstuffs, but the NDF values are comparable with the values reported by [19, 23] but lower than the values reported by [20, 22] and higher than the value reported by Asmare et al. [21] . Similar values were obtained with regard to ADF, by many authors [20, 23, 24] and lower than the values reported by Mekuriaw et al. [22] Ephrem et al. [19] and higher than the value reported by Asmare et al. [23] . Higher level of ADL recorded in this study was comparable with the values reported by [20] [21] [22] 24] and Asmare et al. [23] , but lower than the values reported by Ephrem et al. [19] ,but similar with value reported by Asmare et al. [23] . This fiber contents difference among studies could be explained by altitude, rainfall, harvesting stage, fertility, soil and cropping intensity variation [25, 26] . The fiber fraction of hay in the current study is within the range of most tropical forages (< 45% for high quality, 45-65% for medium quality and > 65% for poor quality roughages) [27] indicating that the hay is poor in quality for optimum rumen condition and supplementation of this natural pasture hay with alternative protein source was commendable. Table 4 Apparent digestibility coefficients of nutrients in sheep fed natural pasture hay mixture as a basal diet and supplemented with noug seed cake and wheat bran mixture and ficus leaves a b c Letters in the same row having different superscript are significantly different; DMDC dry matter digestibility coefficient, OMDC organic matter digestibility coefficient, CPDC crude protein digestibility coefficient, NDFDC neutral detergent fiber digestibility coefficient, ADFDC acid detergent fiber digestibility coefficient; *** (P < 0.001); SEM standard error of mean; SL significance level, Ns nonsignificant, NPH natural pasture hay, FTL Ficus thonningii leaves, CM concentrate mixture, T1 = NPH + 0 g FTL +215 g CM; T2 = NPH + 112. Treatments   T1  T2  T3  T4  T5  SEM The CP content of 126.9 g/kgDM noted in the current study for Ficus thonningii was quite similar with data ranging from 102.4 to 154.1 g/kg DM [12, 13, [28] [29] [30] [31] , but lower than the values 164.7 to 248.8 g/kgDM as reported by [7, 10, [32] [33] [34] [35] . This difference could be explained by the season and age of the plants where samples were collected. The same author Funmilayo et al. [28] reported the effect of season on the nutritional value of FTL. Balehegn et al. [10] also reported the nutritional value of leaf of Ficus plant could be affected by the age at which the sample is collected. In general, FTL had better CP content being beyond the maintenance requirement of ruminant animals. The CP content 8% (80 g/kg DM) obtained in FTL can provide the minimum ammonia levels required for microbial activity in ruminants [36] .
Fiber contents of FTL (426.5, 377.8 and 126.8 g/Kg DM) for NDF, ADF and ADL, respectively, obtained in the current study were lower than the ficus leaves used by Kassahun et al. [12] . (NDF, ADF, ADL = 47.61, 39.49, 20.28 g/ kg DM), Dupe and Olaniyi [29] (NDF, ADF, ADL = 640, 480, 120 g/kg DM), Njidda and Ikhimioya [32] (NDF, ADF, ADL = 512; 412; 100 g/kg DM), Bruh and Destalem [13] (NDF, ADF, ADL = 640, 392, 74.4 g/kgDM), Yousuf and Ogundun [30] (NDF and ADL = 419.7; 291.1 g/kg DM) in shed ficus leaf, Balehegn et al. [13] (NDF, ADF, ADL = 427, 365, 162.3 g/kg DM) and NDF = 557.9 [34] . The possible explanation for these differences could be the environment where plants are grown, the season or age of the plant [28] . Higher CP (226.6 g/kg DM) and lower fiber contents (260-366 g/Kg DM) were observed in CM as compared to the FTL in terms of these nutrients. The overall variability in fiber nutrient composition could be attributed to various factors such as plant age, harvesting regime, season and location. These factors should be considered when carrying out the chemical evaluation of fodder trees.
Dry matter and nutrient intake
Natural pasture grass hay intake by all treatment groups obtained in the current study (424-472 g/day) was higher than the value (415 g/day) reported by Ephrem et al. [19] for natural pasture hay and by Tefera et al. [37] for Rhodes grass consumed by the same sheep breed. The total DM intake was more than sufficient to meet maintenance requirement for DM (2-2.5% BW). In line with the current study (put the value of the fiber content of CM here), Balehegn et al. [10] also observed improved DM and nutrient intake when FTL was replaced by concentrate supplement in the highland goats. The total DM intake of sheep in the current study was similar with the results obtained by Kassa et al. [38] for the same breed of sheep fed hay as a basal diet and supplemented with F. sycomorous leaf, fruit and their mixtures. However, the total DM intake was lower than the reports of Tadelle et al. [39] for the same breed of sheep fed natural pasture hay supplemented with processed lupin grain (Lupinus albus).
Total DM intake of the current study is lower than the values reported (666-788 g/day) for Farta sheep supplemented with wheat bran, noug seed cake and their mixtures [20] . The mean total DM intake of sheep in the current study was 58.08 g DM kg-1 W0.75 which was similar with the results of other works [40, 41] who reported total DM intake of sheep being within the range of 58.6-82.2 g DM kg −1 W0.75. The total DM intake expressed as percent of body weight obtained from the current study is in agreement with that of Kitaw et al. [42] with the value being in the range of the recommended dry matter intake of ruminants (2-6%) by ARC [43] .
Apparent nutrient digestibility
The lower apparent DM and nutrient digestibility in the sole FTL indicated that sole FTL might not be used solely as a supplement of sheep in such type of basal diet (Table 4) . However, FTL can be used as supplement up to 75% in total supplements as there were relatively better digestibility coefficients in such treatment diets except for 100% FTL supplement group.
The better digestibility coefficient up to 75% FTL supplement might be due to the fact that the higher protein content might have increased the digestibility of the crude fiber of the feeds. If the protein-rich feeds are added to balance low protein roughages, there will be an increased population of the microorganism which increased the rate of fermentation of the crude fiber component [44] . The lower digestibility of nutrients observed as FTL supplementation increased from 0 to 100% might be associated with the higher fiber fraction both in the basal diet and FTL supplement. This observed lower digestibility of nutrients among sheep assigned under higher FTL might be due to the higher fiber intake. This idea was supported by Gemeda and Hassen [45] who reported negative effects on voluntary feed intake and nutrient digestibility.
Body weight change
The positive weight gain observed in the control group in the current study was due to the inclusion of CM (Table 2) beyond their microbial nutrient requirement (VanSoest, 1994) . ADG of Washera lambs assigned in FTL of the current study showed similar gains by Ephrem et al. [19] using similar sheep breed feeding sweet lupin as a protein supplement. Similarly, increasing the level of FTL supplementation improved ADG (P < 0.001) of Washera lambs (47.8-74.7 g/day). Balehegn et al. [10] also reported similar results on goats fed ficus leaf in Tigray, Ethiopia. The same authors reported that in goat up to the level of 50% concentrate replacement with FTL improved intake and performance of goat. In the current study even though the level of FTL inclusion increased the values are almost the same with sole CM but the lowest level of digestibility and growth performance observed in the sole FTL. Contrary to the current study, Yousuf and Ogundun [30] reported fallen FTL fed goat showed negative weight gain. However, practical limitation was not observed due to utilization of FTL solely in ruminant feeding [34] .
Conclusion
From the current study, it is possible to conclude that supplementation of Washera lambs with Ficus thonningii leaves by replacing concentrate mix up to the 75% inclusion for optimum performance of improved nutrient intake, digestibility and growth of sheep and this multipurpose indigenous fodder tree (Ficus thonningii) leaves could serve as an alternative CP supplement in the natural pasture hay-based feeding system of Washera sheep in the dry season when most forages could not supply enough nitrogen for the function of rumen in ruminant animals.
Abbreviation ADF: acid detergent fiber; ADG: average daily gain; ADL: acid detergent lignin; AOAC: association of official analytical chemists; BW: body weight; CP: crude protein; CSA: central statistical agency; DM: dry matter; DMI: dry matter intake; DMD: dry matter digestibility; DOM: digestible organic matter; DOMI: digestible organic matter intake; FT: Ficus thonningii; FTL: Ficus thonningii leaves; FCE: feed conversion efficiency; GLM: general linear model; ME: metabolizable energy; MJ: mega joule; NDF: neutral detergent fiber; NPH: natural pasture hay; NSC: noug seed cake; OM: organic matter; OMDC: organic matter digestibility coefficient; OMI: organic matter intake; RCBD: randomized complete block design; SAS: statistical analysis system.
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